INTRODUCTION
The CDRA is described first, as the primary subject of this paper. The overall Atmosphere Revitalization Subsystem will be described with respect to functionality, connectivity, and interfaces with other subsystems.
The test configuration of the US Lab as it relates to the ARS operation will be described. Support equipment used during the CHE Qualification Test will be identified. The test objectives and operational steps will be outlined. Finally, test data pertaining to ARS operations will be presented and conclusions drawn.
CDRA DESCRIPTION
As show in Figure 1 , the CDRA is tightly integrated and mounted on slides for installation in the Atmosphere Revitalization System rack. Air selector valves are visibly numbered 101 through 106. The blower and precooler orbital replacement unit (ORU) is visible in the right center section of the drawing. Process air and coolant water interfaces are on the lower right of the drawing.
The sorbent beds are not clearly visible, but are behind the valves and tubing. Controllers for the bed heaters, air-save pump, and blower are on the left side, identified by the many electrical connectors.
The air-save pump resides below the controllers.
The operation of the CDRA can be explained with the aid of the schematic shown in Figure  2 .
The CDRA continuously removes carbon dioxide (CO2) from the ISS atmosphere.
The four beds consist of two desiccant beds and two CO2 sorbent beds. The system operates such that one desiccant bed and one CO2 sorbent bed are adsorbing while the other two beds are desorbing. When a new half cycle begins, the beds switch sorbent modes.
The incoming air stream to the CDRA is downstream of a condensing heat exchanger, and has a dewpoint and drybulb temperature of 4.4 to 10°C (40 to 50°F) _. The air stream passes first through a desiccant bed to remove much of the moisture from the process air. The temperature of the air stream rises as it flows through the desiccant bed due to the heat of adsorption. The process air is then drawn through the system blower and then through an air-liquid heat exchanger or precooler.
The precooler increases CO2 sorbent efficiency by reducing process air temperature before entering the CO2 sorbent bed. Prior to returning to the cabin, the air stream passes through the desiccant bed that adsorbed moisture from the previous half cycle. The wet desiccant bed desorbs this moisture to the air stream and returns it to the cabin atmosphere. This is calted a water-save system, in contrast to the 2-bed Skylab system, which vented adsorbed water to space.
The alternate CO2 sorbent bed desorbs by heating with integral electrical heaters and application of space vacuum or, for ground testing, a simulated space vacuum.
The heat supplied by the electrical heaters serve two purposes; it breaks the bond the CO2 has with the sorbent material, and in the subsequent half-cycle heats the passing air-stream to dry out the desorbing desiccant bed. For the first 15 minutes of each half-cycle, the air-save pump operates to remove residual air from the desorbing sorbent bed and returns it to the cabin. 
AR SUBSYSTEM DESCRIPTION
In Figure 3 , the CDRA can be seen installed into the AR rack. 
U.S. LABORATORY INTERFACES
AR rack location and distributed AR hardware in the U.S.
Lab are shown in Figure 5 . 
TEST PURPOSE
The 
Specific functions include:
• CO2 introduction into the USL via a CO2 doser and monitor.
• 02 removal from the USL via an off-the-shelf 02 concentrator and monitor.
• Airborne sensible heat introduction into the USL via heaters and temperature sensors.
• Humidity introduction into the USL via an ultrasonic humidifier and a dewpoint sensor.
VACUUM SYSTEM
As shown in Figure 5 , the CDRA has a dedicated CO2 vent line, which will vent to space vacuum when the USL is in orbit. An accumulator, roughing pump and turbo pump provided a simulated space vacuum for USL CHE Qualification testing. A four-inch duct was provided as input to the accumulator.
Pressure measurements were taken inside the 1/2 inch CO2 vent line and the 4 inch duct to insure that choked flow was achieved during C02 desorption.
TEST HATCH
In order to maintain a closed environment inside the USL and provide the required support equipment interfaces, a test hatch was designed and built. analyzer was obtained for high repeatability (0.5% full scale specification).
This was employed to measure both CDRA CO2 removal performance and verify MCA accuracy. However, levels were much lower than expected (see the "Raw Horiba" trace in Figure 7) . After extensive troubleshooting, it was determined that the calibration gases procured for the Horiba analyzer were incorrectly mixed. Post-test calibration of the Horiba analyzer provided a near-linear correction factor 3. As shown, the MCA and Horiba are in close agreement following correction (see "Corrected Horiba"). Test Case 3, Condition lB. Hiqh COy Load CDRA CO2 removal performance was measured in Conditions 1B, 2, and 3, with varying CO2 injection rates. The first condition was with CO2 injection rate set at the metabolic equivalent of six crewmembers, or 6 kg/dy (13.2 Ib/dy). Cabin CO2 partial pressure levels for this condition are shown in Figure 8 . Sequential half-cycles are indicated by numbers in circles.
At approximately 31 hours elapsed time, the CCAA experienced a water carry-over event. The CDRA and CO2 doser were shutdown for nearly 10 hours. Following restart, CO2 injection levels were increased temporarily to restore the concentration level. Since the preshutdown concentration was not actually restored, halfcycles 53 through 56 were used to calculate CDRA removal performance.
Horiba data was not available for these half-cycles. This analyzer was configured to sample CDRA inlet and outlet streams as well as three cabin air locations. A simplistic error analysis is illustrated in Figure 11 and Figure 12 . Manufacturers advertised accuracy is used to provide error bars for the data shown in Table 2 
